(i) Approach -50%, 48% and 50% of the individuals approached in the dynamic distal cue 1 1 0 (test), momentary distal cue (test) and control conditions respectively (Fig. 1 ). There was no 1 1 1 significant difference in the approach responses (Goodness of fit χ 2 test: χ 2 = 0.041, df = 2, p 1 1 2 = 0.97) between the three conditions. 1 1 3 (ii) Point (cue) following -Out of the individuals that approached, 80% and 79% of them 1 1 4 followed dynamic and momentary distal cues respectively. We did not see any difference 1 1 5 between dogs' point-following behaviour using the above two cues (Goodness of fit χ 2 test: = 0.000, df = 1, p = 1, Fig. 2) . A significantly higher proportion of individuals followed the 1 1 7 two cues, as compared to the proportions who did not (Dynamic cue -Goodness of fit χ 2 test: 1 1 8 χ 2 = 10.800, df = 1, p = 0.001; Momentary cue -Goodness of fit χ 2 test: χ 2 = 9.966, df = 1, p = 1 1 9 0.002). Of the dogs that approached (20 dogs) in the control condition, 14 went to the false-1 2 0 baited bowl and 6 to the baited bowl. We did not find the difference to be significant 1 2 1 (Goodness of fit χ 2 test: χ 2 = 3.200, df = 1, p = 0.07). However, when we compared the 1 2 2 number of dogs that followed pointing cues and obtained food rewards in the two types of 1 2 3 test cues, it differed from the number of dogs that obtained food in the control condition. Dogs in the test conditions were highly successful at locating the hidden food rewards using 1 2 5 cues compared to the control conditions (Goodness of fit χ 2 test: χ 2 = 6.857, df = 1, p = 1 2 6 0.009). 2, p = 0.169). Additionally, there was no difference in latencies between individuals that 1 3 0 followed the dynamic and momentary distal cues (Mann Whitney U test: U = 321.000, df1 = 1 3 1 24, df2 = 23, p = 0.347). (Kruskal-Wallis test: χ 2 = 11.354, df = 2, p = 0.003, Fig. 3 ). Post-hoc pairwise comparisons 1 3 5
with Bonferroni correction revealed a significantly lower frequency of gaze alternations in 1 3 6 the momentary cue condition compared to dynamic cue one (Mann Whitney U test: U = 1 3 7 2395.000, df1 = 60, df2 = 60, p = 0.002). There was no variation between momentary cue -1 3 8 control condition (Mann Whitney U test: U = 1323.000, df1 = 60, df2 = 40, p = 0.390) and 3.100, df = 2, p = 0.212), whereas the percentages were 38%, 32%, and 30% respectively for 1 4 6 the momentary distal cue condition (Goodness of fit χ 2 test: χ 2 = 7.000, df = 2, p = 0.705). We 1 4 7 found 17.5%, 27.5% and 55% of the dogs to be affiliative, neutral and anxious in the control 1 4 8 conditions (Goodness of fit χ 2 test: χ 2 = 9.050, df = 2, p = 0.01). Overall, behavioural states 1 4 9
were comparable within the test conditions, but it differed in the control condition. Dogs 1 5 0 showed higher anxious behavioural states compared to affiliation in the control condition Affiliative -Neutral -Goodness of fit χ 2 test: χ 2 = 0.889, df = 1, p = 0.34). We further 1 5 4 emphasized the anxious behavioural responses and compared test and control dogs. We found 1 5 5 that dogs in the control condition were significantly more anxious than in the test conditions We emphasized on the test conditions further, pooled the data and found a significant effect individuals that did not approach showed affiliative, neutral and anxious behavioural states 1 6 0 respectively, with the response levels being significantly different (Goodness of fit χ 2 test: χ 2 1 6 1 = 41.333, df = 2, p < 0.001, Fig 4) . Fearful or anxious individuals showed higher 'no Additionally, out of the individuals that followed pointing cues in the test conditions 1 6 6 (pooled), 88%, 80% and 64% displayed affiliative, neutral and anxious behaviours 1 6 7 respectively. The levels at which these responses were seen were comparable (Goodness of 1 6 8 fit χ 2 test: χ 2 = 3.117, df = 2, p = 0.21). (viii) Effect of sex, behavioural states and type of pointing cues on the approach response -1 7 0 GLM analysis revealed only a significant effect of anxious behavioural state on the approach 1 7 1 response ( Table 1) . 'No approach' was strongly predicted by anxious behavioural states of 1 7 2 individuals. We found no effect of sex and types of pointing cues. tendency to follow human pointing cues in a trial significantly more if the individuals 1 7 7 followed cues and rewarded in a preceding trial. We did not see any effect of the 'lack of 1 7 8 reinforcement' (Goodness of fit χ 2 test: χ 2 = 2.333, df = 1, p = 0.127). Our study showed that free-ranging dogs are capable of following complex pointing cues 1 9 0 from humans. Dogs that approached the set-up followed both the pointing cues at 1 9 1 significantly higher rates, suggesting their ability to understand complex human referential 1 9 2 gestures. Only half of the population tested approached the experimenter, which suggests that 1 9 3 the remaining dogs were more wary of humans and suggests the population-level perception 1 9 4 of humans by the free-ranging dogs. Anxious dogs were mostly reluctant to approach the 1 9 5 unfamiliar human experimenter even after succeeding in the familiarisation phase, whereas, 1 9 6 their neutral and affiliative counterparts showed significantly higher approach. The varying 1 9 7 responses in approach can be explained by dogs' lifetime experience (with unfamiliar 1 9 8 humans), differences in motivation to participate, and inability to understand distal pointing 1 9 9 cues. We nullify the second possibility as dogs that did not approach in the test or control 2 0 0 trials participated in the familiarisation phase earlier, so a lack of motivation cannot be the 2 0 1 reason for this response. Additionally, free-ranging dogs are scavengers, and are generally 2 0 2 expected not to be well fed (personal observation). We also discard the last possibility as our 2 0 3 findings clearly suggest that these dogs can indeed understand distal pointing cues. It is also 2 0 4 important to note that the approach rate was also 50% in the control condition where no cue 2 0 5 was provided. Thus, the most plausible explanation would be that the behavioural states of 2 0 6 the individuals modulated their responsiveness. The initial approach in the familiarisation 2 0 7 phase was possibly observed because the dogs were allowed to sniff the food reward and 2 0 8 watch the baiting process, thus being certain of the reward before approaching. However, in It was surprising to see the outcomes from comparisons between dynamic proximal, dynamic 2 1 3 distal and momentary distal cues, which highlighted a lower tendency of dogs to follow 2 1 4 dynamic proximal cues. Since the experimental design was comparable for all the cues, we 2 1 5 believe that the type of cue itself (dynamic proximal cue) had affected dogs' responses. Earlier we have mentioned the two different ways in which free-ranging dogs in India obtain 2 1 7 food from humans most of the time. While this has not been extensively tested, but it is likely 2 1 8 that dogs are more accustomed to humans throwing a piece of food away from themselves as 2 1 9 a response to begging, or to a human putting/dropping food on the ground and moving away. The complex pointing gestures used in the current experiments simulate these situations quite 2 2 1 closely. However, though the proximal pointing cue is considered to be a simpler cue to 2 2 2 follow from a completely anthropomorphic perspective to an untrained dog, this might be a 2 2 3 more "difficult" situation, with an unfamiliar human constantly pointing at the container, and 2 2 4 thereby being in very close proximity to the food source. Adult free-ranging dogs are known 2 2 5 to maintain a certain distance from unfamiliar humans and avoid making contact with them 2 2 6 37,38 . It is thus likely that a reduced perception of threat elicited higher response by the dogs to 2 2 7 the distal cues, though the proximal cue is likely to be more definitive and less ambiguous as 2 2 8 a signal. Gaze alternation has been suggested as an intentional and referential act in dog-human This can be explained by the involvement of higher movements in the dynamic distal cue 2 3 3 conditions which might have influenced the dogs to alter their gaze accordingly. Interestingly, free-ranging dogs have recently been found to understand active and inactive adapted to using human-directed gazing and gaze alternations. Pet dogs have been found to 2 3 8 be deceived by incorrect or wrong cues 43-45 , but they also have some understanding of 2 3 9 human reliability 43, 46, 47 . In an earlier study, we reported the free-ranging dogs' ability to 2 4 0 adjust their point-following behaviour based on the reliability of the human experimenter 39 .
4 1
Here, we found similar outcomes for the complex cues, in spite of the cues being more subtle 2 4 2 than the proximal one, further supporting and strengthening the earlier claim.
4 3
This study confirms our earlier reports on free-ranging dogs' ability to understand human their early development make dogs more wary of humans, while those dogs that experience 2 4 8 positive human interactions early in life are more friendly and approachable. We suggest that 2 4 9 humans play a role, albeit inadvertently, in shaping the personalities of free-ranging dogs.
5 0
This conjecture is supported by a recent study in which we observed that dogs respond 2 5 1 differently to unfamiliar humans calling out to them in areas that differ in human flux -dogs Indian streets for centuries and are excellent urban-adaptors 48 . Understanding the dynamics of 2 5 7 the dog-human relationship in the urban environment can help in better management of 2 5 8 conflict as well as provide insights into urban adaptation in general. We tested 160 adult free-ranging dogs in this study. All the dogs were randomly located on found such as market places, railway stations, bus stations and residential areas were 2 6 6 sampled. Adult dogs that seemed physically fit (in appearance, without any sign of injuries 2 6 7 and wounds) were considered for testing. We recorded coat colour, specific colour patches, 2 6 8 scar marks and approximate body size of the dogs to avoid re-testing. We confirmed the 2 6 9 sexes of the dogs by observing their genitals. Two experimenters, namely E1 and E2, were involved and played specific roles throughout 2 7 2 the study. E2 was consistent while four other people played the role of E1. We used opaque 2 7 3 plastic bowls (Volume = 500 ml), and cardboard pieces as their covers. Small pieces of raw 2 7 4 chicken (roughly 10 -12 g) were used as hidden food rewards. Here we provided adult free-2 7 5 ranging dogs with two types (momentary and dynamic) of distal pointing cues 10 to locate 2 7 6 hidden food rewards. Separate sets of dogs were tested using momentary and dynamic distal 2 7 7 cues. Experimenters walked on randomly selected streets of the study sites to locate solitary free-2 7 9 ranging dogs. Once sighted, E1 lured the individual and carried out an initial familiarisation 2 8 0 phase. Further experimentation with distal pointing cues was done only after a successful 2 8 1 familiarisation phase. The detailed experimental procedure is described below:
Free-ranging dogs in India are not habituated to getting food from covered plastic bowls. So, 2 8 4 this phase was carried out to familiarise them with the bowls used in the experimental set-up. cues) in the process. E1 showed a raw chicken piece to an individual dog and allowed to sniff it closely, then placed it inside an opaque plastic bowl and covered it with a cardboard. E1 shown to E2 and the focal dog to maintain a double-blind experimental set-up (also see 39 ). E1 3 0 5 then handed over the covered bowls to E2, who placed the bowls on the ground. The bowls 3 0 6
were placed (1 m away from each other) in such a way that they remain equidistant from the 3 0 7 focal dog. The approximate distance between the midpoint of the two bowls placed and the 3 0 8 focal dog was 1.5 m. E2 moved 0.5 m back from the mid-point of the bowls after placing 3 0 9 them on the ground. Immediately after that, E2 tried to catch the attention of the focal dog by 3 1 0 clapping once. As soon as eye contact was established, E2 pointed randomly at one of the 3 1 1 bowls (1-2 sec for momentary or 30 sec for dynamic, randomly decided). If the focal dog 3 1 2 looked away or turned away during pointing, E2 clapped again to attract its attention. Since 3 1 3 distal cues were used, the distance between the tip of the pointing finger and the covered 3 1 4 bowl was roughly 0.5 m. E2 gazed at the focal dog throughout the trial for both cue types.
1 5
Approach was defined when the dog moved towards any of the bowls (irrespective of the 3 1 6 pointing cue) and uncovered it to inspect. Inspecting a bowl within 30 seconds ended a trial. The other bowl was immediately removed by E2 to avoid further inspection by the dog. If the 3 1 8 dog found food reward upon uncovering a bowl, it was allowed to obtain it. E2 revealed the 3 1 9
contents of both the bowls to the dog after an approach within 30 seconds or after completion 3 2 0 of the trial, whichever was earlier. However, E2 never allowed a dog to eat the food reward if 3 2 1 the dog chose a false-baited bowl. We carried out three consecutive trials with 5-10 seconds 3 2 2 intervals in between. E2, sometimes changed his starting position of a trial to maintain the 3 2 3 abovementioned distances as the dogs were not on leash. We tested separate sets of 60 dogs 3 2 4 with the two types of pointing cues. The control condition was carried out with a different set of individuals (individuals not used for test condition) immediately after the familiarization phase. Here, E2 did not provide any repetitions as the reliability of dogs on E2 could only be calculated using test trials. We tested 3 3 3 40 dogs in the control condition. Videos were coded by a single experimenter and a naïve coder also coded some of the videos to check for inter-rater reliability. We coded the following parameters from the videos - and E2, and the duration of gazing at E2 using only trial 1 data. This step enabled us to 3 4 0 remove a bias of learning and its effects on the later trials. Also, single-trial based controls 3 4 1 allowed us to do our comparisons with trial 1 data of test conditions more consistently. However, we used data from all three trials to calculate the reliability of E2 on dogs (see 3 4 3 later). All the parameters used are described below: (ii) Point (cue) following -Only dogs that approached the experimental set-up were 3 5 0 considered for analysing the point-following behaviour. Point-following was defined by the 3 5 1 approach of a focal dog towards the pointed bowl. Point-following behaviour was coded as a 3 5 2 binary variable. an approach. Thus, individuals that did not approach the experimental set-up had no latencies 3 5 5 by default. and referential communicative act in dogs (). In this study, the frequency of alternation of 3 5 8 gaze between the bowls and E2 was calculated. We used a three-way gaze alternation method 3 5 9
for coding (using both the bowls and E2 in any combinations and a maximum of 3 sec 3 6 0 between looking at the bowls and E2). (v) Duration of gazing -Gazing is found to be a critical behaviour in communication which 3 6 2 can provide valuable context-specific information on animal intentions (). Gazing at the 3 6 3 upper body of E2 has been assessed. Emphasis was given on the direction of the focal dog's 3 6 4 mouth. Eye contact between the focal dog and E2 was not necessary while calculating the 3 6 5 duration of gazing. It was cumulative in nature and hence total duration was measured. • Affiliative -Attention-seeking, fast or rapid tail wagging, gazing at E2 with relaxed 3 6 8 body posture. • Neutral -Resting without gazing at E2, lying down or general disinterest. Approaching E2 without displaying affiliative or anxious responses were also 3 7 4 considered within the neutral behavioural state. (vii) Reliability -We hypothesize that a dog would rely more on human cues when he/she 3 7 6 gets rewarded in a preceding trial by following a pointing cue; similarly, the reliability or the 3 7 7 level of trust would reduce if the dog did not receive food after following a human pointing 3 7 8 cue. It was measured using the method described in Bhattacharjee et al. (2017) 39 . We used
